Introduction {#sec1-1}
============

Small bowel atresia is a congenital disorder that carries a substantial morbidity.\[[@ref1][@ref2]\] The incidence of small bowel atresia is higher than large bowel atresia and varies between 1:300 and 1:3000.\[[@ref3]\] Newborns with intestinal atresia are operated soon after birth. Intestinal dysmotility is an important problem in the postoperative management of patients with jejunoileal atresia. The alterations of the neural and muscular elements and the extent of histological changes proximal and distal to atresia may contribute to postoperative intestinal dysmotility.\[[@ref4]\] Various problems may occur as prolonged a dynamic ileus and need for total parental nutrition.\[[@ref1][@ref2]\] Operative techniques and postoperative parenteral nutrition have improved the outcome, but prolonged intestinal motility disorders remain common in the postoperative period, even in the absence of any mechanical lesions.\[[@ref2]\] Etiology of small bowel atresia remains unclear.\[[@ref3]\] One of the two accepted theories is the lack of recanalization of solid organ during late stage of intestinal development.\[[@ref5]\] Another concept is late intrauterine mesenteric vascular accident.\[[@ref3]\]

Basically, normal gastrointestinal motility depends on the coordinated function of the enteric nervous system (ENS), intestinal smooth muscle, and interstitial cells of Cajal (ICC).\[[@ref3]\] In this study, we have analyzed all these three components of enteric motility in the proximal and distal segments of small bowel atresia and tried to elucidate the pathogenesis of postoperative enteropathy. We confined this study specifically to ileal atresia which is the most common.

Materials and Methods {#sec1-2}
=====================

This is a 3-year prospective study (August 2014--August 2017) conducted at the Department of Pathology at a Tertiary Care Pediatric Referral Hospital in South India. The resected specimen of small bowel atresia (Type II, III b, IV) was divided into three parts as proximal (P), distal (D) and atretic (A) segments. In Type I and Type IIIa atresia, only proximal and distal segments were available for study; and hence, the study was taken up only on proximal and distal resected margins for uniformity.

The specimens were fixed in neutral buffered formalin and processed into paraffin blocks. Paraffin-embedded tissues were sectioned at 2--4 μm followed by drying at 37°C in an incubator overnight. Before immunohistochemical (IHC) staining, the paraffin sections were dewaxed for 10 min in xylene, followed by 10 min in acetone and 10 min in acetone/Tris-buffered saline (TBS; 1:1). After this treatment, the slides were washed in TBS. Antigen demasking was done by microwave treatment, and the slides were left to cool down then were again washed in TBS.

Standard histology using hematoxylin and eosin was performed. The changes in the mural compartment, the smooth muscle of the bowel were assessed, and simultaneously IHC with alpha-smooth muscle actin (α-SMA, monoclonal mouse anti-human SMA clone 1A4, and DAKO) was also studied for comparison. The neural component was studied in the myenteric and submucosal areas. The myenteric plexuses of ganglion cells were assessed on histology and IHC by calretinin (monoclonal mouse anti-human calretinin clone DAK-Calret 1, DAKO) was simultaneously performed and compared. The number of cells in a ganglion, relative distribution of smaller and larger ganglia was recorded. The presence of more than seven ganglion cells per ganglia was considered as giant ganglia. Increased density of ganglia per histological section was also documented. All these findings were correlated with IHC for ganglion cells using calretinin. The pacemaker component was studied by IHC with CD117 (anti-C-kit receptor 1 in 600 dilution, Polyclonal Rabbit Anti-Human CD117, DAKO) was employed, and their distribution was tabulated. The evaluation of the IHC staining results was focused on the proximal and distal parts of the resected ileum.

Results {#sec1-3}
=======

Our study included resected small bowel ileal segments from 18 newborn patients over a period of 3 years. Histology and IHC sections were evaluated by two pathologists using light microscopy under high power (×40). The evaluation of the IHC staining results was focused on the proximal and distal margins of the resected ileum.

The type of atresia was determined according to the classification of Grosfeld *et al*.\[[@ref6][@ref7]\] In the present study, Type II atresia was the most common type (*n* = 7/18) \[[Figure 1](#F1){ref-type="fig"} and [Table 1](#T1){ref-type="table"}\]. On H and E, the intestinal muscularis propria was evaluated for hypertrophic changes \[[Figure 2](#F2){ref-type="fig"}\]. The number and distribution of ganglion cells in the myenteric and submucosal plexuses were assessed. Immunostaining with α-SMA and calretinin was used for assessing the muscular and neuronal components. C-kit (CD117) positive cells, i.e., ICC and mast cells were studied in each part of the resected bowel. Since the quantitative analysis of IHC was not possible, semi-quantitative scoring for CD117-positive ICC was performed and analyzed \[[Table 2](#T2){ref-type="table"}\].

![Resected gross specimen of ileal atresia with atretic segment and dilated proximal segment](JLP-11-180-g001){#F1}

###### 

Types of atresia in the present study classified according to Grosfeld *et al*. classification

  Type of atresia   Number of cases
  ----------------- -----------------
  Type I            2
  Type II           7
  Type IIIa         4
  Type IIIb         4
  Type IV           1
  Total             18

![Proximal segment shows hypertrophy of circular and longitudinal smooth muscle (Arrow). Atretic segment shows obliteration of lumen (Arrow) (*P* = Proximal segment, A = Atretic segment, D = Distal segment, H and E, scanner view ×40)](JLP-11-180-g002){#F2}

###### 

Semi-quantitative scoring for CD117

  Score   C-kit (CD117) expression   Observation/inference
  ------- -------------------------- ------------------------------------------------------------------
  \-      No expression              No staining
  \+      Low expression             Few neuronal fibres and cells/few ICC
  ++      Moderate expression        Numerous neuronal fibres and cells/numerous ICC
  +++     High expression            Dense networks of neuronal fibres and cells/dense network of ICC

ICC=Interstitial cells of Cajal

Proximal and distal bowel showed clear differences in histomorphology, density of enteric neurons, and ICC. We found prominent circular muscle hypertrophy in the proximal segment as compared to the distal bowel segment which was also confirmed by decreased immunostaining of α-SMA in all 18 cases \[[Figure 3](#F3){ref-type="fig"}\]. Increased frequency and density of ganglion cells was noted in the bowel segment proximal to the atresia as compared to the distal bowel segment on histology and immunostaining by calretinin \[[Figure 4](#F4){ref-type="fig"}\]. Increased number of ganglia and presence of giant ganglia was confirmed by IHC in 13 out of 18 proximal and 11 out of 12 atretic segments while the normal distribution of ganglia was seen in 16 out of 18 cases. Significant decrease in the ICC was noted in the proximal segment as compared to the distal segment by CD117 immunostaining \[[Figure 5](#F5){ref-type="fig"}\]. The density of ICCs within the myenteric plexus was clearly reduced in the proximal bowel in 14 out of 18 cases and 10 out of 12 atretic segments, whereas some ICCs were found in the circular and longitudinal muscle layer. The anti-CD117 immunoreaction revealed numerous mast cells within the proximal bowel. The distal bowel had a normal distribution of ICCs within the myenteric plexus and muscular layers in 16 out of 18 cases while showing normal number and distribution of mast cells as an internal control. IHC results were tabulated and analyzed in [Table 3](#T3){ref-type="table"}.

![Immunohistochemistry with alpha-smooth muscle actin shows proximal segment with circular smooth muscle hypertrophy and decreased intensity of alpha-smooth muscle actin staining as compared with the distal segment (Arrow) (*P* = Proximal segment, A = Atretic segment, D = Distal segment. Alpha-smooth muscle actin immunohistochemical, scanner view ×40)](JLP-11-180-g003){#F3}

![Immunohistochemistry with calretinin shows mature ganglion cell cytoplasm and the surrounding nerve fibers. Distal segment and atretic segment showed reduced number and intensity of ganglion cells as compared with the proximal segment (Arrow) (*P* = Proximal segment, A = Atretic segment, D = Distal segment, calretinin IHC, scanner view ×40)](JLP-11-180-g004){#F4}

![Immunohistochemistry with Anti C-kit immunohistochemical revealed proximal segment and atretic segment with low expression for Interstitial cells of Cajal while moderate to high expression was noted in distal segment (Arrow). Interstitial cell of Cajal are stellate cells with long and short processes seen circular and longitudinal muscle layers. Mast cells can be seen scattered in proximal and atretic segments which are CD117 positive as internal control (*P* = Proximal segment, A = Atretic segment, D = Distal segment. Anti C-kit IHC, scanner view ×40)](JLP-11-180-g005){#F5}

###### 

Immunohistochemical summary and analysis for proximal, atretic and distal segments using CD117, calretinin and α-smooth muscle actin

                            Proximal (18)                                                                  Atretic segment (12)                                                 Distal segment (18)
  ------------------------- ------------------------------------------------------------------------------ -------------------------------------------------------------------- -----------------------------------------------------
  C-Kit (CD117)             -/+                                                                            -/+                                                                  ++/+++
  Decreased ICCs in 14/18   Decreased ICCs in 10/12                                                        Normal distribution of ICCs in 16/18                                 
  CR                        Increased number of ganglia and presence of giant ganglia in 13/18             Increased number of ganglia and presence of giant ganglia in 11/12   Normal distribution of ganglia in 16/18
  α-SMA                     Hypertrophic circular smooth muscle, less intensity of SMA staining in 18/18   Normal distribution of SMA, no hypertrophy in 10/12                  Normal distribution of SMA, no hypertrophy in 17/18

CR=Calretinin, SMA=Smooth muscle actin, ICC=Interstitial cells of Cajal

Discussion {#sec1-4}
==========

Congenital intestinal atresia is a common gastrointestinal tract malformation. At present, a mesenteric vascular accident during fetal life is considered to be the main cause of congenital intestinal atresia, and surgical resection is the only method of treatment.\[[@ref4][@ref5][@ref8]\]

This study, the first of its kind at our institute, revealed clear variations in the muscular, neuronal, and pacemaker components between the proximal and distal segments of ileal atresia. We found prominent circular muscle hypertrophy and increased frequency and density of ganglion cells in the proximal part of the atresia findings confirmed by α-SMA and calretinin immunostaining. Decreased α-SMA staining was noted in the hypertrophic muscle significant decrease in the ICC was noted in the proximal segment as compared to the distal on CD117 immunostaining.

It has been well documented that muscular hypertrophy which is thought to result from prenatal intestinal obstruction is found exclusively in the circular muscle of the distended proximal intestinal segment.\[[@ref9][@ref10][@ref11]\] Previous studies indicate that muscular adenosine triphosphate activity is reduced in the hypertrophic muscle layer in the proximal intestine of the ileal atresia.\[[@ref9][@ref10][@ref11]\] It is unclear whether the hypertrophy of circular muscle layer results from the real increase in muscle fibers or hypertrophy of cells. It can be deduced that decreased staining intensity for α-SMA in hypertrophic circular muscle is caused by altered expression of contractile protein in smooth muscle cells or delayed development of smooth muscle cells. α-SMA is one of the major contractile proteins associated with intestinal motility.\[[@ref12]\] It is also supposed that these muscular α-SMA changes may be associated with the junctional disorder of the circular muscle and therefore a decreased motility as atretic segment showed thinning of the muscular propria. The distal segment was found to have normal musculature.

*In utero* vascular insults have been shown to cause ileal atresia.\[[@ref13][@ref14]\] Tibboel *et al*. studied effects of temporary ischemia and general hypoxia on intestines of chick embryos and concluded that disruptions of circulation on the mesenteric blood vessels during fetal hypoxia leads to atresia with structural abnormalities in the muscle coats. A causal relationship between vascular accidents *in utero* and muscular changes in atresia is established.\[[@ref14]\]

The postoperative dysmotility has been found frequently in cases of a severely dilated proximal segment. Ozguner reported that the proximal segment showed changes in ganglion cells and attributed it to the uterine intravascular accident.\[[@ref4]\] Tepas *et al*. experimentally produced ileal atresia in fetal lambs and showed dilatations of proximal segment induces involution and lysis of ganglion cells after initial hyperplasia of myenteric ganglia and irreversible distension continues.\[[@ref11]\] Masumoto *et al*. found decrease in the neuronal cells in their study on jejunal atresia.\[[@ref12]\] Hamdy *et al*. reported decreased ganglion cells in the proximal dilated segment.\[[@ref15]\] Di Nardo *et al*. however indicated in their case report of small bowel atresia that their case was initially diagnosed as hypergangliosis and later enteric neuropathy.\[[@ref16]\]

Gfroerer *et al*. found the ganglion cells to be increased in the dilated proximal segment and some of them were larger with increased number of ganglion cells.\[[@ref3]\] Their range concluded 756 ganglion cells per 10 mm of smooth muscle as the normal neuronal density of human myenteric plexus from their elaborate study on ganglion cell distribution.

Our study also showed increased number of ganglion cells in the myenteric plexus. Dysmotility of the bowel in the postoperative period has been attributed to alterations in the myenteric plexus of the proximal bowel.\[[@ref17]\] These hypertrophic ganglion cells can be considered due to adaptive phenomena to long-standing prenatal bowel obstruction. Several experimental models have been instrumental in supporting the concept that adaptive changes in the ENS occur proximal to obstructed gut.\[[@ref18][@ref19][@ref20][@ref21][@ref22][@ref23][@ref24][@ref25]\] These studies revealed increased density and size in both myenteric\[[@ref20][@ref21][@ref22][@ref23][@ref25]\] and submucosal neurons.\[[@ref23][@ref24][@ref25]\] Another observation is delayed maturation of ENS within the distal bowel during fetal development in cases with small bowel atresia.\[[@ref26][@ref27]\] It may be speculated that with the restoration of bowel continuity does maturation of ENS occur. Distal bowel in our study did not show hypergangliosis.

ICC is the pacemaker cells of the bowel and plays a prominent role in bowel motility. Immunoreactive ICCs are stellate cells with many long and short processes. Mast cells are rounded C-kit-positive cells that can be used as internal control for CD117 in the gut.\[[@ref28]\] The role of the ICC in pacemaker activity in the gut and in overall gut motility has been well established in animal models. Their intercalation between enteric nerve varicosities and smooth muscle cells makes it also very likely that ICC have a role in neurotransmission, as envisioned by Cajal.\[[@ref29]\]

In the small bowel immunoreactive cells are found in highest numbers between circular and longitudinal layers of muscularis externa in close relation to the myenteric plexus of Auerbach. Individual immunoreactive ICC is found between muscle cells, especially the outer part of the circular muscle layer and rarely in the longitudinal muscle layer. No ICC is seen in submucosa.\[[@ref28]\] The key role played by these cells in the generation of pacemaker activity makes it likely that a proportion of hitherto unexplained gut motility disorders are caused by functional or structural abnormalities in ICC.\[[@ref30]\] Data are accumulating in studies of various motility disorders in humans, where decreased numbers or frank absence of ICC are frequently observed. Whereas in the pediatric population, some of these ICC abnormalities are clearly related to a developmental delay of these cells, the causes and effects of ICC damage and/or loss in adults are less evident.\[[@ref29]\] In some cases, it may be possible that loss of IHC staining for C-kit and not the actual ICC is responsible for these observations; however, the kit protein appears quite stable and is stainable even when the ICC show significant damage by electron microscopy.\[[@ref8]\] Hence, it is presumed that in most cases, loss of IHC staining for C-kit does identify true loss of ICC.\[[@ref29]\]

Lower scores of ICC was found in the proximal segments in our study and higher scores in the distal segment clearly showing that there is a paucity of ICC in the proximal dilated segment and implicating their absence in etiopathogenesis of dysmotility. Some of these cases had postoperative intestinal motility issues and morbidity.

A previous animal study using partial obstruction model in the mice revealed that 2 weeks following the onset of partial obstruction, the bowel increased in diameter and hypertrophy of tunica muscularis was observed oral to the obstruction site. This disruption was accompanied by loss of electrical slow waves and responses to enteric nerve stimulation. These effects were not observed aboral to the obstruction. It was shown that removal of obstruction leads to the redevelopment of ICC networks and recovery of slow wave activity within 30 days.\[[@ref21]\] Neural responses recovered in 30 days. Similar repair mechanisms may occur after surgical correction of small bowel atresia. It appears that decrease in the ICC and their restoration after removal of obstruction contributes to small bowel atresia.\[[@ref8]\]

In the three entities we studied, ICC was found to be significantly variable in the proximal and distal segment. A routine performance of CD117 in the proximal resected margin may be essential in all the cases of ileal atresia to score the ICC and predict the outcome. Further studies of scoring ICC at different levels of the proximal segment are needed for better understanding this hypothesis.

Conclusion {#sec1-5}
==========

The proximal and distal bowel revealed clear changes in the morphology and density of ICC. Long term high-pressure load in atresia may lead to changes in the distribution of ICCs leading to deterioration of motility in proximal segment. Furthermore, the decreased number of neuronal cells and fibers in atresia may contribute to delayed neuronal development. More studies are needed to determine the exact length of proximal bowel that needs to be resected.

The routinely studied histological features do not contribute to the understanding of the postoperative dysmotility in small bowel atresia. A defective expression of CD117-positive ICC cells in the proximal bowel may be useful in the understanding postoperative dysmotility. It is easier and cost-effective option with significant postoperative prognostic value.
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